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By Stanley F. R&iez 

In  the ear ly  part  of 1945 a sh& uind;tunnel Investigation was made 
t o  explore the  possibility of arplqing boundary-layer suction s l o t s  as 
means for delaying laminar separation a t  the leadFng edge and turbulent 
separatim over the rear portions of an airfoil aec t im at high l i f t  
coefficients. The airfoil employed in the  investigation was a plain 
NACA 653418 section. T h e  Investigation w&s made at  a Reynolds number 

of 1.0 X 10 . Through control of tUrbuLent separation,  the maximum lift 
coefficient WBB Increamd fra 1.06 t o  about 1.6. By cmtzolling both 
lamFaa3. asd turbulent  separation, the maxlmm l i f t  coefficient was 
increased t o  2.02. Further increa~lee in maximnu lift were not  possible 
because the laminar separation point moved ahead of the m o w  lead- 
edge suction s lo t .  If large increments in maimnu lift m e  t o  be obtained 
through control of >-age separation, a relatively wide s l o t  i s  
required. The proper  location of the s l o t  depends t o  sane extend upon 
the R e p o l d a  nuniber. The amount of suction power required t o  obtain  the 
increases Fn maxfmum lift waa relatively hL&. For e-le, 3 n  order t o  
obtain a maJr-lrmrm Uft coefficient of 1.9, a flow coefficient of 0.034 w&8 

required and the ' corresponding d r a g  coefficient equivalent of the  eyction 
power was 0.33. The possible  effects upon the lift; results of increasing 
the Reynolds n m b r  are briefly diSCUSSed. 
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A n  exploratory investigation of the me of suc t im   s lo t s  aa a mass 
of delaying separatiop of the boundaq mer an the W A  65 -018 a i r f o i l  

section has been made. The f lrst phase of the investigation,  reported 
3 
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in  reference 1, consisted  of  tests  of  the  afrfoil  eection  wfth  auction 
slots  located BO 88 to delay sepazatfon of the  turbulent boundary w e r  
at the rem of the  airfoil. The results of the  investigation bdlcated 
that  although  the  suction slots were effective in delaying eepmation ' 

of the turbulent boundary lager, sepmation af the laminar layer in the 
immediate  vicini- of the leading edge ultimately  limited the mlnnrm 
obta,inable lfft coefficient. 

The purpose of t he  latter  phase of the inveetigation,  reported 
herein, was t o  explore t h e  poeslbility of using boundary-layer control 
f o r  delaying  separation  of the laminar 1- layer ne= the leading 
edge. Lift, drag, and internal pressure-loas measurements  at  variaze 
flow coefficients were made for t h e  mACA 653-018 airfoil eectim with a 
suction e lo t  new the leading edge in additim to two suction s lo t8  
farther  back.  The  inveatigation W&B made at a R e y n o l d s  number 
of 1.0 X 10 . The  data  obtained at thie value of the Re$aolda number 
do not give a Quantitative representation of the  effectiveness  of 
leadiwdge baundary--lay'er control in imgrwing the maxhrum lift at 
flight s d u e e  of the  Reynolds  number. The result8 do, h m e r ,  indicate 
some of  the  important desiep p&ameters which muet be  considered in the 
application of a suction slot for the  control of laminar aeperration. 
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span over uhich bo--layer control  is  applied,  feet 

airfoil  chord,  feet 

section drag ,  pounds per unit apan 

section Ilft, pounds per unit span 

vdums rate of air flow through  suction  slot,  cubic  feet 
per eecmd 

free-etream total pressure, pounds per square foot 

total pressure in wing duct, pounds per a q m e  foot 

f'ree-etream  velociky,  feet per secmd 
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combined duct and blower efficiency 

% efficiency  of main propulsive unit 

P coefficient of viecositg, paUnd"sec0nds per a q m e  foot  

C section profile-drag  coefficient (e) 
blower drag coefficient 

+ CQ45cp45 

c% 
section totaldag coefficient 

section lift coefficient - ( 4  

CQ 

R 

flow coefficient 

total flow, coefficient 

pressure-loss coefficient . .  
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Subscripts: 

1 at 1 percent of a i r f o i l  chord 

45 at 45 percent of a i r f o i l  chord 

75 at 75 percent of airfoil chord 

MODEL AM, TESTS . 

The t e s t s  were made in the Langley two-dimeneid low4urbulence 

tunnel. The test section of %hi8 tuzlnel i e  7$ fee t  by 3 fee t  with the 
model, when mounted, completely spanning the 3.300% dimsneian. The 
gaps between the ends -of the model and the tunnel wall8 were sealed  to 
prevent aLr leakage. L i f t  mea8mements were obtained by taking the 
difference betwean t h e  integrated pressure reacticqe upon the  ceiling 
and floor of the tunnel. Drag measuremente -re made by the wake-eurvey 
method. A more complete description of the tunnel and. the method8 of 
obtaining and correcting  the  data is contained In reference 2. 

Model.-The - 3400-h~rd wooden: model o3e the WCA 65p18 a i r fo i l  

section w&s the same that  employed in  the imeetigation reported in  
reference 1. Ordinates of the   a i r fo i l  are given in table I. In the 
present  Investigation, the  s l o t s  a t  the 45-percent-chord and 7 m r c e n - b  
chord stations were used i n  cauibination with a s lo t  at the leading edge. 
Detalla of the model and d o t 8  axe shown in figure 1. The air f rom each 
s l o t  WELEI ducted t o  a venturi meter for meaeruring the amanst of air 
removed by the blower. The defect in total pressure of t h e  boundmy- 
layer air removed was measured by s t a t i c ~ e s e u r e   a r i f i c e s  in each  duct. 
The w e  of s t a t i v e e s u r e   a r i f i c e s  was  justif ied since only low velocl- 
t ies  existed within the  ducts. 

Teetg.- The lif't, drag, and iIlte&qreeeure-loss data for the 
a i r fo i l  with the vart.ioue s lo t  cambinations were obtained t o  determine 
the  effectiveness of boundmy--layer control in delaying eeparation. The 
flow coefficient for the leadlng-edge slot, 0.01~  location, was held at 
approximately 0.009 and the flow coe f f i c i e~ r t~  far re= slote, 0 .45~  
and 0 .75~  locatimw, were varied f rau i  0.003 t o  0.016 per slot .  The 
section lift chasacteristics of the p l d n  a i r f o i l  were obtained with the 
slots sealed and faireid. The t e8 t a  -were made a t - a  Reynolds number 
of 1.0 X lo6 became  limitations of the available blower e q u i p n t  made 
it possible t o  maintain the  desired leadi-dge-lot flow coefficient 
only at  a r e l a t i v e u  l o w  tuxmel airspeed. 

- 
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A t e s t  WE made at a R e p o l b  number of- 1.9 X 10 6 with sealed s l o t s  
and also with a rough l e w  edge for.ccmqarieon dth data of refer- 
ence 1 t o  determine amy effects of roughness due to the le-age-slot 
fairing on the section Uft, characteristics. 

Lift, 

Effect of  l8abinP;"edge sed.-Before t he  effectiveness of the 
b o " b p r  control in improving the-maxlmm lift at a R e y n d d a  

number of 1.0 X 10 c m  be properly evaluated, it is first necess- to 
how whether the raazirmnn lift of the p l a h  airfoil as determined frcm 
t e s t s  of .the model with s l o t s  sealed w&8 affected by aqy unfairness that 
might have been present in the s e a l  of the l e a d i w d g e  slot. Data 
relative t o  WE point are contained in figme 2. The reEFults obtahed 
in the present tests at a Reynolds ntmiber of 1.9 X 10 6 with a l l  three 
d o t s  sealed are seen to agree closely wfth those Wen from reference 1 
f o r  the a i r f o i l  with no s l o t  in t he  leading edge and the rear slots 
sealed (fig.  2(a) ) . Hence, in t h i s  case, the seal in the leadhg+Qe 
s l o t  seemed t o  appraxFmate with slrfficient accuracy the true airfoil 
contour. With the two rear d o t s  operating at a flow coefficient 
of O.Oll, however, the data f'rm reference 1 in ca~gariaon with those 
obtained in the present investigation  indicate that the s e d  in the 
front s lo t  w a ~  eufficiently u n f a i r  or rough a~ t o  cause a decrement in 
maxinnrm. lift of 0.1 (fig. 2(b) ) . The diffeences in max- section 
l i f t  coefficient due to the effect of t he  seal  for thB suction and n- 
suction  cases may possibly be atizibubed t o  the fact that with suc t im 
applied at the 0 . 4 5 ~  asd 0 . n ~  etati-, maximum Lift is limited by 
sepmation near the leading edge, in  which cam the effect of EDECL 
surface  irregularities in t h i s  region may be more pronounced. The decre- 
ment of 0.1 is not nearly so large ae that cawed by le" rough- 
~ E E ,  aa can be B e e n  readily from the compzative data given in fig- 
ure 2(b) for the rough-urface canditim. Whether or  not the decrement 
in maximum l i f t  due t o  the s e a  in the front  slot (fig. 2(b) ) would ~ J S O  

be obtained at a ~ e g n o m  n M e r  of 1. o X 10 6 is not intire- clear. 
In cmparing  the results obtained in the  preaent  investigation (made 
at a Repolds rider of 1.0 X lo6) for the airfoil with all three slots 
operating and for   the -oil  with the front Blot sealed and the two 
rear s l o t s  operating, however, it ahould be reco@zed that the incre- 
ment in maxinnrm lift attributable t o  the l e a w d g e  d o t  may be E-- 

6 

what high. 



6 NACA RM L g W O  . 
Relative  effectiveness- of the le” Blot.- The data far   the 

airfoil with all s l o t s  sealed and for  the a l r f ‘of l  with the 1eadAng-e- 
slot. sealed and the two rear do te   ope ra thg  at a total flow coef- 
f icient of 0.025 m e  shown i n  figure 3( a) . For ccmpmiscm, data f o r  
flow coefficients of 0.-026 and 0.034 with all t h ree  slots operating m e  
also shown In figme 3(a). h figme 3( b) are shown the results for the 
model with a constant  flow  coefficient of approximately 0.009 in  the 
front d o t  and Y e i W  amounts of f low in the  rear two s l o t s .  The data 
pertElinFng t o  the  relative  effectiveness of each of the rem slots when 
emplqed  with  the l ead iwdge  dot are shown In figure 3 (c) . For any 
giwm configuration,  the total flow removed W&B nearly independent of 
angle of attack. The relative ammt of flow removed frm each slot, 
however, varied t o  same extent with angle of attack. Detailed data 
from which the  exact  flow  coefficient far each s lo t  can be obtained for 
a q y  angle of attack m e  given in figures 4 t o  6. . 

The data of figure 3 Indicate  that  a maximum I€ft coefficient 
of 1.9 w a s  Qbtained for a t o t a l  flow coefficient of 0.034 with 8.U 

three slots operating; whereaa a maximum lift coefficient of 1-06 was 
obtained  for the  a i r f o i l  without  auction. The relative hportance of 
the leading-edge- s lot  in obtaFning t h i e  increment in maximum lift CBS 
be judged from the lift curve  obtained for  a t o t a l  flow  coefficient 
of O.CE5 with cmJy the rear two slota  operating, The data obtained 
for this configuration, shown In figure 3(a), indicate that the- pr- 
effect of euc t im   in  the  rear slots sone was to  straighten  the l i f t  
c m e  without increasing the angle of attack for maxbum lift. Focr the 
f l o w  coefficient of 0.025 in the rear slots alone, the rounded l i f t  
curve obtained in the no-mction case is seen t o  be cmpletely linearized 
with an  abrupt loas i n  l i f t  occurring a t  the  etal l .  Thia type of stall 
is indicative of laminar aeparatim ne= the leading edge. Tuft studies 
also indicated that separation at the leading edge lFmlted the l i f t .  
Consequently, the we af a t o t a l  flow coefficient  greater than 0.025 
in the rear s lo ts  alone would not be expected t o  result i n  any sub- 
stantial increases in maximum l i f t  above the value of 1.6 obtained i n  
this  cam. It I s ,  aP course, possible that if boundary-lager control 
at the  leading edge delays laminar seprnatim 80 that the maximum l i f t  
coefficient i s  incremed by an extermi.m of the lift curve t o  higher 
angles of attack, more mctian kill ’be required in  the rear slots t o  
prevent  turbulent  separation which might r e d t  from the increased 
pressure r e c m e r y  mer the airfoil. The data of figure 3 indicate that 
some such effect  as this occurred on the MACA 65 -018 airfoi l .  With a .  

flow  coefficient of about 0.009 in the leadin@; edge i n  aditition t o  t h e  
f low coefficient of 0.025 in  the rear slots (% = 0.034), the lift 

curve was extended with a corresponding Increase in  lift 
from 1.6 t o  1.9 (figs. 3(a) and 3(b)). The l l f t  m e  correeponding 
t o  t h i s  total flow coefficient is seen, homer, t o  be slightly r m d e d  
near qirmun lift. Increasing the flow coefficient In the rem slots 

3 
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t o  0.032 (\ = 0.041 w h i l e  maintaining a flow  coefficient of approxi- 

mately 0 . W  in the le" s l o t  straightened  the Ilft curve and 
increased the maximum lift coefficient f r a m  1.9 t o  2.02 (fig. 3(b)3. 
f i c m  this discuesiai, it is app&-ent that although sme of the increment 
in mxirmnn l i f t   coef f ic ien t  from 1.6 t o  2.02 resulted *can an increase 
In f l o w  removal in  the rear s lo t s  af ter  the  front s l o t  waa put ln 
operation, no portion of the increment (0.42) in maximum lift would k e  
been obtained  without the le" s lot .  It should be ranmibered 
that the increment i n  maximmu lift attributable t o  the le" s l o t  
may be as mch aa 0.1 mailer thm the value of 0.42 &own by the data 
became of the  possible  effect of the le" s e d  on the maximum 
lift of the a i r f o i l  dth only the rear two slots operatfng. 

1 

For a t o t a l  flow coefficient of 0.041, tuft, studiee  indicated that 
the stall occmed when h m h a r  separation developed ahead of the rela- 
tively mml l  lead3ng-e- dot. C-equently, for  the particular 
suction-slot  configmatian employed, the lift curve probably could not 
have been extended t o  amy higher .angle of attack by use of t o t a l  
f l o w  coefficients-greater than 0.041. In mder t o  delay laminax sepa- 
ration through a range of angle of attack  sufficient t o  permit larger 
gains ln maxirmrm lift, the suction a l o t  ehould be sufffciently wide so  
88 t o  encmpass the movement of the l m h a x  separation point with angle 
of attack,  This is in agreewnt with the results  discussed in reference 3 
W c h  show that a wide s l o t  a t  the leading edge is mare effective in 
increasing  the qax- liFt than a d me. 

Relative  effectiveness of the two rem? slots.- The data of f i e  
ures  3(b) and 3 (c)  indicate that fa? given t o t a l  f l o w  ra te   e i ther  
the 0 . 4 5 ~  or  0 .75~  s l o t  operated in ccrmbfnation with the l e a d i e d g e  
d o t  was as effective in increasing l i f t  as was the cambination of both 
rear s l o t s  with the le-@ slot. In fact, the use of t h e  slot 
a t   0 . 4 5 ~  in ccmibination with the le" slot a t  a t o t a l  flow coef- 
f icient of 0.020 resulted in a maximum section lift coefficient that waa 
slightly higher -t;han that obtained by m€ng all three d o t s  at a total 
flow coefficient of 0.026. 

Effect of Reynold8 m e r . -  A canprison of t h e  maximum lift data 
obtained in  the  investigation of reference 1 with those obtained in the 
present  investigation  (fig. 7) indicates  that increasing the ReynoLds 
rider from 1.0 X 10 6 to 6 . 0  X 10  ha^ a relatively large favorable 6 
effect on the maxhmm l i f t  coefficient. T h i ~  C C X K Q W ~ E ~  would seem t o  
indicate  that had the investigation of the  three  suction  slots been made 
a t  a higher Regnolds rimer, m h m  lift coefficfente s a n e w h a t  higher 
than 2.02  might possibly have been obtained. It is very doubtful, 
however, that  any incremes in the maxhwn lift of the  airfoil   with  the 
two rear slots a t  Reynolds nmber of 1.9 X 10 and 6.0 X 10 would be 6 6 
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obtained by wing the le" e lo t  e q l o y e d  in this investigation. 
AII exmination of the data of figures 2(b) and 3(a) indicates that, with 
the two reax elote  operating, the increase in  maximum lift which acccne 
panies an incream in Regnoldk  nmbr f'rm 1.0 X lo6 t o  1.9 X 10 6 results 
f r a m  an extension of' the l i f t  curve t o  higher angles of attack. C o m e -  
quentu, at a ~eynolde  number of 1.9 X 106, the laminar sepmatton  point 
is probably ahead of the  location of the narrrou slot when the stall  
occurs. If mch is the case, applying  suction  through the leadinmdge . 

s lo t  would not be expected t o  3mpOp-e the mar-lrmrm lift. The proper 
locatiomof a suction slot designed t o  delay leading-edge eepasation 
would  eeem t o  depend t o  ~ o m e  extent upon the Reynolds ILuztiber. As previ- 
ously pointed out, the w e  of a relat ively wide e lo t  is desirable. 

=rae 

The amount of suction power requlred t o  produce a certain .aero- 
dymmLc hprovement is a pr- caneideratian in my  appl icat im of 
boundmy-legrer con-trol. In  order t o  ehow the suction-power require- 
mente associated with the methods of bounikrplayer  control  considered 
in the present investigation,  the essure-loss and quantity flow data 
obtained are presented in figures r and 9 in  the farm of the drag cwf- 
ficient  equivalent of the suction power. ~ l e o  included in  figures 8 
and 9 ax0 b t a  giving the total-drag  coefficient. The total-drag coef- 
f ic ient  ms taken ae the ~ u m  of the axterpalilrag coefficient Ensd the 
drag coefficient  equivalent of the suction power. Tchis method of 
obtaining the  total-drag  coefficient i s  shown i n  reference-.&. t o  be v a l i d  
if the efficiency of the boundary-byer control eyertam i e  equal t o  the 
efficiency of the maln propulsive unit of an aircraft .  The d e r n a J "  
drag values obtained fnr the  various boundary-Lapr control configu- 
ratione are  shown in  figure 10, 

AZI examination of the data of figures 8 t o  10 Fndicates that 
although very low external-drag  coefficients m e  obtained with the use 
of boundm-y-leyrer control, the values of the drag coefficients  equivalent 
of the suc t im power me extramsly high. In 6- cases, the blower drag 
coefficient is men t o  be. am much 88 160 t-8 the external-drag coef- 
ficient fa r  the 8- configuration. For the s a m  t o t a l  flow rate, the 
we of the three s lo ts  more than doubled the blower drag coefficient 
obtained wdth the use of only the two rem slots  (f ig.   g(a)).  %me 
reduction i n  the blowef drag, however, msy poesibly be obtained by the  
uBe of slots of difflerent shapes than those employed. 

For s lo ts  of equal e f z e  and ahape, the data of figure  g(b) in 
comparison with those of .figure 8 show that a given quantity of flow 
can .be removed through two slot8 with less power than throl@ one d o t .  
The necessarily higher. inlet-velcxity  ratio  associated with the use of 
a single slot, of courm, a ~ l a i ~ ~  thie  result. 

a 
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An indicatian of the masing of the high blower drag coefficients 
in terms of the power required in  an actual alqrplage can easily be ’ 

obtained, A t o t a l  f l o w  coefficient of 0.034 is Been t o  give a maximum 
lift coefficient of 1.9 (fig. 8). ~f a n  -lane a wing 10- 
of 50 pounds per square foo t  is- assumed, a landing speed of about lo7 miles 
per hour a t  sea level is obtalned fnr  a llf% coefficient of 0.9 of the 
maximum lift coefficient of 1.9. The carresponding power required for 
the boundmy-layer-cmtrol e q u % p n t  is found t o  be 2.2 horsepower per 
square foot (cdT = 0.33). T h i s  me- that   for  an airp-e the s i z e  of 

a  twinengine trampart which night perhap6 have 8 wing area of 800 equaze 
feet,  a 1760-horsepower engine would be required for the b--layer 
auction equipment. ~n view of the relative* bge in.mements 
lift which can be obtained on an airfoil of l h e r c e n t  thickaess  with a 
well-designed flap alone or In c d i n a t i o n  with a midchord suction s l o t  
requiring a ,mall expenditme of power, it is diff icul t  t o  see why the 
particular  configurations  discuesed in the present paper ‘Kould be 
employed on a n  &cr& unless, as in the case of the all- alrplase, 
the large pitching maments associated ~5th a pa~erful  flap could not be 
tolerated. It llIust be  r-ered that the c d c u l a t i q  of the power 
requirements for the assumed airplane were based on data obtaFned at a 
R q n o l d a  rimer of 1.0 X 10 6 . The data of figure 7 ahow that, as the 
Reynolds number is increased, the m x h m  lift -ale0 increase8 for a  given 
flow rate.  Cmequently, t h e  suction power required at rainbum weed for 
an airplane of given wing loading will decrease to ~ a m e  enct;ent with 
Increasing R e g n o l d s  nlmiber. 

It might &BO be pointed out that the maximum lift coefficients of 
Etirfous of the order of 6 to 10 percent in thiclmese are definitely 
limited to relatively l o w  values by le” separation. For such 
airfoils, the m e  of both le- trail” high”1if-t devices 
oftentimes does not  yield  sufficiently high mdmm l i f t  coefffcients. 
In these  cmes, it is possible that a properu designed application of 
boundary-layer conizol at  the leading edge may prove of considerable 
value in spi te  of the lmge expenditure of power necessary for agg 
le” aEplicatian of b--lq-er contzol. 

B r  the use of suction slots  located at the 1-ercenkhmd, 
4-ercent-chord, and m e r c e p m c w d  statim, €he maximum lift cod-  
f ic ient  of a  plain EACA 6 5 p 8  a i r f o i l  waa increased fram 1.06 t o  2.02 

with a total flow  coefficient of 0.041 at a Reynolds number of 1.0 X 10 . 
With the use of anly the k-ercent-chard and 75-percent-chord d o t  
locatione t o  control  separation of the turbulent boundary layer, the 

6 
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maximum lift coeff  ic.ierrt was l imited  to  a value of the order of 1.6, 
When the s l o t  at lqe rcen t  chmd waa erQloyed in  conjunction  with the 
other two dots,  separation of the lambar  layer near the leadin@; edge 
was delayed and with additional  auction in the rear d o t s  the maximum 
l i f t  coefficient waa incremed f rom 1.6 t o  2.02. Further increaees i n  
the nmxlmum lift coefficient could  not be obtained because the lamina? 
separation p o h t  moved ahead of the relatively mow leaarzlpdge d o t .  
I f  large incremsnts in madmum lif% are  t o  be obtalned tkrcmgh control 
of lea” Begaration, a relatively wide slot ia required. The 
proper location of the s l o t  & p e a  t o  sane axtent on the Reynolds 
number. Although the external-drag coefficient8 of the a i r f o i l  with 
boundary-layer control  mre mall, the  total-drag  coefficients were very 
large due t o  t h e  addition of the euction-ipower drag coefficients. For 
example, the drag coefficient  equivalent of the euction power required 
to  obtain a maximum lift coefficient of 1.9 was 0.33. 
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Upper surface 

Station ordinarte 

0 
1.337 
1,608 
2.014 
2.751 
3.866 
4 733 
5 457 
6.606 
7.476 
8.129 
8.595 
8.886 
8.999 
8-91 
8.568 
8.008 
7-267 
6-395 
5.426 
4.396 
3 -338 
2.295 
1.319 
- 4 9  
0 

Lower surface 

ordinate 

0 
-1.337 

, -1.608 
4 . 014 
4.751 

' -3.866 
4.733 
3 457 
4,606 
-7.476 
-8.129 -8. 595 -8.886 
-8.999 
-8.901 
-8.568 
-8.008 
-7.267 -6. 395 
3.426 
-4.396 
-3 0 338 
4.295 
-1. 319 -. 490 
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mtrL rlor wer f i lo isnt ,  

Figure 4.- Ratfo of f l o w  coefficient for bomdary-layer control slot 
at 0.01~ t o   t o t a l  flow  coefficient at several section angles of 
attack  for  the mAcA e3-018 a i r fo i l   sec t ion  with boundaqy-er 
'control d o t s  at O.Olc, 0.45c, an& 0.75~. R = 1.0 X lo6. 
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Figure ?.-Ratio  of flow coefficient f o r  boundxry-layer control s l o t  
at 0.43~ t o  t o t a l  flow coefficient  at  several  eection anglee of 
attack  for the  RACA 65+18 a i r f o i l  section irlth boundarg--layer 
control slots at O.Olc, 0.45c, and 0.7%. X = 1.0 X lo6. 

t 
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Figure 6.- Ratio of flow  coefficient for b o u n ~ - l a y e r  conk01  slot 
at 0.75~ to total flow coefficient at several section ane;les of 
attack fo r  the RICA 63418 a i r f o i l  section with b m m - w e r  
control slots at O.O1c, 0.45c, and 0.7%. R = 1.0 X lo6. 



Figure 7.- Vaslation af mxinnxn section lift coefficient with total 
flow coefficient for the NACA 6 y 1 8  a i r f o i l  section with three 
boundmy-layer con t ro l  s l o t s  and with two boundary-lager cantrol 
d o t e .  

a 



. .  . .  . . .  

% I 4 1 

. .  .. . . 



. . .  

wt - m o w t ,  o1 
-.8 -& 0 .b .8 1.2 1.6 2.0 

&ation Ilft ooottlalmnt, 0,  

!?I 
(a) Blower drag characteri&ics. (b) Total-clrag characteristics. R * 

8 
(a) Model with two and wlth three d o t e .  s 

Figure g..- Sectior'drag characteristics of the NACA 653-0018 airfoil  section x i t h  bouadarg-layer control. E 
R = 1.0 x lo6. 
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(a) Blower dzgg characteristics. (b) Totalrdrag characterleflcs. 
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. 

Figure 10.- Section profi-ag characteristics of the NACA 653~18 
airfoil section w i t h  bomdaq-layer control. R = 1.0 X lo6. 
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